Abstract. Tilapia cabrae Boulenger, 1899, a cichlid fish from coastal lowlands of the Republic of Congo (Africa), was examined for gill parasites. Four new species of the Monogenea were found, all belonging to Cichlidogyrus (Ancyrocephalidae): C. berradae sp. n., C. revesati sp. n., C. legendrei sp. n., and C. lemoallei sp. n. A possible relationship between the relative size of haptoral sclerites (i.e., uncinuli compared to gripi) and microhabitat selection in the studied host-parasite model is discussed.
To date, only few gill monogeneans have been recorded or described from cichlid hosts in the Republic of Congo and neighbouring countries (Africa): Onchobdella aframae Paperna, 1968 , O. voltensis Paperna, 1968 , O. bopeleti Bilong Bilong et Euzet, 1995 , Cichlidogyrus falcifer Dossou et Birgi, 1984 , C. dageti Dossou et Birgi, 1984 and C. euzeti Dossou et Birgi, 1984 from Hemichromis fasciatus (Peters, 1857) in Cameroon; Cichlidogyrus flexicolpos Pariselle et Euzet, 1995 and C. microscutus Pariselle et Euzet, 1996 from Tilapia guineensis (Bleeker, 1862) and Scutogyrus chikhii Pariselle et Euzet, 1995 from Oreochromis mossambicus (Peters, 1852) in the Republic of Congo. The latter host species has probably been introduced to the Republic of Congo for aquaculture purpose and escaped to the wild, where it was sampled. Considering the high species richness and the oioxenous specificity of cichlid gill parasites (Pariselle 1996) , we may expect to find numerous new species of the Monogenea when studying endemic cichlids from this region. As predicted, the study of Tilapia cabrae Boulenger, 1899 (Teleostei, Cichlidae), distributed in lowlands from Southern Equatorial Guinea to Angola, revealed the presence of four new species belonging to Cichlidogyrus Paperna, 1960 (Monogenea, Ancyrocephalidae), which are described below.
MATERIALS AND METHODS
Fish were captured in various rivers and lakes of coastal area of the Republic of Congo using gill or cast nets. They were dissected on site immediately after capture by separating the gill arches. The left arches were frozen in liquid nitrogen, until examination. After thawing, the parasites were detached from the gills using a strong water current and transferred individually with a needle directly into a drop of ammonium picrate-glycerine mixture (Malmberg 1957) . The preparation was then covered with a cover slip and sealed with Glyceel (Gurr, BDH Chemicals). From these preparations, drawings were made of the sclerotised pieces of the haptor and of the copulatory complex, using a drawing tube. All measurements, in µm, are given as: mean ± standard deviation (minimummaximum), as proposed by Gussev (1962) (Fig. 1) . To verify the specific identity of host fishes, the carcasses were numbered, fixed and preserved in formalin and later determined by G.G. Teugels (MRAC, Tervuren, Belgium). The scientific names of fishes are given according to the check-list published by Daget et al. (1991) . The method of numbering the uncinuli (marginal hooklets) is that adopted at ICOPA IV (Euzet and Prost 1981) . Terminology is that proposed for the Dactylo-gyridea by Pariselle and Euzet (1995) . In this order, the ontogeny of uncinuli is characterised by the development of secondary shafts attached to the primary ones, except for uncinuli pair II, associated with ventral gripi (anchor), which keep their larval size (Fig. 2) . The development the secondary shaft is variable according to pair number and parasite species. Fig. 1 . Measurements used in this study. AP -accessory piece; DB -dorsal transverse bar; G -gripus; He -heel; MA -male apparatus; Pe -penis; U -uncinulus; VB -ventral transverse bar; Vg -vagina. 
RESULTS
Cichlidogyrus berradae sp. n. Description. Adult: 569 ± 72 (381-678) long, 87 ± 13.8 (65-119) wide at level of penis. Pharynx: 32 ± 2.7 (28-37) wide. Dorsal gripus with guard four times longer than shaft, arched blade bent at middle: a = 44 ± 1.8 (40-48), b = 33 ± 1.3 (28-36), c = 4 ± 1 (1-6), d = 16 ± 0.8 (14-18), e = 16 ± 0.8 (14-18). Dorsal transverse bar: x = 35 ± 2 (32-40), w = 7 ± 0.6 (6-9), h = 15 ± 1.2 (13-18), y = 13 ± 1.9 (10-19). Ventral gripus with short shaft, short guard, blade regularly arched: a = 39 ± 1.4 (35-42), b = 37 ± 1.4 (33-40), c = 4 ± 0.9 (2-6), d = 10 ± 1.1 (7-13), e = 16 ± 1.1 (13-18). V-shaped ventral transverse bar: x = 40 ± 1.7 (37-45), w = 5 ± 0.6 (4-6). Uncinuli I = 26 ± 1 (24-28) long; II, associated with ventral gripi = 11 ± 0.5 (10-13) long; III = 19 ± 0.8 (20-23) long, IV = 21 ± 0.7 (20-23) long, V = 23 ± 0.7 (21-24) long, VI = 21 ± 0.7 (20-23) long, VII = 19 ± 0.9 (17-21) long. Male copulatory complex with short, slightly arched penis with long thin heel: Pe = 36 ± 1.3 (33-37), He = 8 ± 0.6 (5-9). Accessory piece, linked to base of penis, ending in long, thin hook: Ap = 38 ± 4.4 (28-47). Non-sclerotised vagina. Remarks. Cichlidogyrus berradae belongs to the group of Cichlidogyrus species with large uncinuli I (secondary shaft longer than total length of larval uncinuli), short uncinuli pairs III to VII (secondary shaft shorter than total length of larval uncinuli), a short penis (<50 µm) without a swollen portion and a nonsclerotised vagina 1 . This group includes C. dionchus Paperna, 1968; C. halinus Paperna, 1969 (syn. C. erectus Dossou, 1982 ; see remarks in Pariselle and Euzet 1996); C. digitatus Dossou, 1982; C. quaestio Douëllou, 1993; C. yanni Pariselle et Euzet, 1996 and C. nuniezi Pariselle et Euzet, 1998 . Cichlidogyrus berradae is distinguishable from all these species by a single long and thin hook-shaped ending of the accessory piece. Cichlidogyrus digitatus has two digitations at the end of its accessory piece; one is a long, thin hook but the presence of the second short digitation allows differentiation of these two species; C. yanni has only one digitation, but it is a short, rounded hook (see Pariselle and Euzet 1996) .
Cichlidogyrus reversati sp. n. Description. Adult: 713 ± 106 (545-1,011) long, 109 ± 31.3 (59-178) wide at level of penis. Pharynx: 32 ± 3 (25-38) wide. Dorsal gripus with very long guard five times longer than shaft 2 , arched blade bent at the distal half: a = 59 ± 1.9 (53-63), b = 42 ± 1.8 (36-45), c = 4 ± 1.8 (2-14), d = 21 ± 1.7 (17-28), e = 14 ± 1.1 (11-16). Dorsal transverse bar with characteristic auricles: x = 46 ± 2.3 (42-51), w = 11 ± 1.4 (9-15), h =18 ± 2.2 (14-24), y = 15 ± 2.4 (12-24). Ventral gripus with short shaft, short guard (see remark above), blade regularly arched: a = 44 ± 2 (40-49), b = 44 ± 1.6 (40-46), c = 3 ± 1.3 (1-9), d = 11 ± 1.5 (6-16), e = 16 ± 1.3 (13-19). V-shaped ventral transverse bar: x = 45 ± 3.2 (37-50), w = 9 ± 1.4 (6-13). Uncinuli I = 25 ± 1.5 (22-28) long, II = 12 ± 0.8 (9-14) long, III= 18 ± 0.8 (17-21) long, IV = 22 ± 0.9 (20-25) long, V = 24 ± 1.3 (20-27) long, VI = 21 ± 0.8 (20-23) long, VII = 19 ± 0.9 (15-20) long. Short, large penis with folded widemouthed end, poorly developed heel: Pe = 33 ± 1.4 (31-36), He = 3 ± 0.4 (2-4). Short C-shaped accessory piece ending in a hook, Ap = 20 ± 1.5 (17-23). Nonsclerotised vagina. Description. Adult: 658 ± 73 (532-838) long, 111 ± 15 (85-147) wide at level of penis. Pharynx: 37 ± 2.4 (32-41) wide. Dorsal gripus with guard two times longer than the shaft, arched blade bent at distal third: a = 29 ± 1.1 (26-31), b = 24 ± 0.7 (22-25), c = 6 ± 0.6 (5-8), d = 12 ± 1 (10-14), e = 10 ± 0.8 (7-12). Dorsal transverse bar, arched, with two auricles on its convex face: x = 47 ± 4.8 (39-59), w = 7 ± 0.7 (6-8), h = 16 ± 1.2 (13-19), y = 18 ± 1.7 (15-21). Ventral gripus similar to dorsal, slightly heavier: a = 35 ± 0.8 (33-36), b = 30 ± 0.7 (29-31), c = 7 ± 0.7 (5-8), d = 13 ± 1.2 (10-15), e = 11 ± 0.8 (10-13). V-shaped ventral transverse bar: x = 44 ± 2.4 (39-50), w = 5 ± 0.6 (5-6). Short uncinuli I = 19 ± 0.8 (17-20) long; II = 13 ± 0.8 (11-14) long, III = 38 ± 1.3 (36-41) long, IV = 43 ± 1.2 (39-47) long, V = 44 ± 1.2 (41-47) long, VI = 41 ± 1.3 (38-44) long, VII = 38 ± 1.4 (35-41) long. Sinuous penis with ovoid basal bulb and heel: Pe = 71 ± 2.8 (65-76), He = 5 ± 0.3 (4-6). Large S-shaped accessory piece with a hook perpendicular to the ending: Ap = 45 ± 2.7 (38-52). Slightly arched, thick-walled vagina: V = 26 ± 2.7 (21-31), v = 5 ± 0.6 (4-6). Remarks. Cichlidogyrus legendrei belongs to the group of Cichlidogyrus species with small uncinuli I (secondary shaft shorter than total length of larval uncinuli), long uncinuli III to VII (secondary shaft longer than total length of larval uncinuli), no auxiliary plate associated to the male apparatus, and a large and tubular vagina. This group includes Cichlidogyrus tiberianus Paperna, 1960; C. halli Paperna, 1960; C. anthemocolpos Dossou, 1982; C. ergensi Dossou, 1982; C. ouedraogoi Pariselle et Euzet, 1996; kouassii N'Douba, Thys van den Audenaerde et Pariselle, 1997; C. bonhommei Pariselle et Euzet, 1998; C. hemi Pariselle et Euzet, 1998 . The new species is mainly distinguishable from C. halli (very large) by the shape and dimensions of the penis; by the shape and dimensions of the vagina from C. bonhommei and C. tiberianus (looped), from C. hemi (short, straight and ringed), from C. kouassii (S-shaped); and by the shape and dimensions of the accessory piece, from C. anthemocolpos (two points at the distal end) and from C. ergensi and C. ouedraogoi (smaller and thinner).
Cichlidogyrus lemoallei sp. n. Description. Adult: 605 ± 94 (421-718) long, 119 ± 19 (92-156) wide at level of penis. Pharynx: 32 ± 4.4 (25-40) wide. Dorsal gripus with shaft two times longer than guard, arched blade bent at distal third: a = 30 ± 1 (28-32), b = 24 ± 1.5 (22-27), c = 6 ± 0.9 (4-7), d = 13 ± 1.4 (11-18), e = 10 ± 0.9 (8-12). Dorsal transverse bar, arched, with two auricles on its convex face: x = 35 ± 3.5 (29-41), h = 16 ± 1.6 (13-19), w = 6 ± 0.9 (5-8), y = 14 ± 1.5 (12-17). Ventral gripus similar to dorsal but slightly heavier: a = 35 ± 1.3 (32-37), b = 29 ± 1.5 (26-33), c = 6 ± 1.2 (4-8), d = 14 ± 1 (12-16), e = 11 ± 0.9 (9-13). V-shaped ventral transverse bar: x = 36 ± 1.8 (32-39), w = 5 ± 0.9 (4-7). Short uncinuli I = 17 ± 0.7 (16-19) long; II, associated with ventral gripus = 12 ± 0.7 (11-14) long; III = 35 ± 2.1 (31-38) long, IV = 40 ± 1.7 (37-43) long, V = 41 ± 1.4 (39-45) long, VI = 38 ± 1.3 (36-41) long, VII = 36 ± 1.5 (33-38) long. Male copulatory complex composed of a G-shaped tubular penis: Pe = 69 ± 2.6 (63-74), a thin heel: He = 3 ± 0.8 (2-5) and a C-shaped accessory piece, attached to heel, folded at right angle at distal quarter, ending in a terminal hook: Ap = 31 ± 3.4 (24-37). Thin, long, slightly sinuous vagina: V = 50 ± 4 (41-58), v = 2 ± 0.4 (2-3). Remarks. Cichlidogyrus lemoallei belongs to the group of Cichlidogyrus species with small uncinuli I (secondary shaft shorter than total length of larval uncinuli), long uncinuli III to VII (secondary shaft longer than total length of larval uncinuli), no auxiliary plate associated to the male apparatus and a long and narrow vagina. This group includes Cichlidogyrus testificatus Dossou, 1982 and C. flexicolpos Pariselle et Euzet, 1995 . The new species is easily distinguishable from C. flexicolpos by the length of the penis (85 vs. 69 µm) and from C. testificatus by the shape of the accessory piece (T-shaped vs. C-shaped).
DISCUSSION
In spite of its Central African restricted distribution, Tilapia cabrae shows a fauna of Cichlidogyrus spp. highly homogeneous with West African studied cichlid hosts. This is not surprising if we consider that the evolution of monogenean gill parasites is directed by that of their hosts (see Pariselle et al. 2003) . There is no doubt that the examination of other cichlid species from this area will allow us to describe numerous new species of Cichlidogyrus.
An examination of the newly described species shows that the length of uncinuli (i.e., the development of secondary shaft, see above) and that of gripi are in inverse proportion (e.g., C. berradae dorsal gripus "a" = 44 µm and uncinulus III = 19 µm vs. "a" = 29 µm and III = 38 µm for C. legendrei). Is this tendency valid for all Cichlidogyrus species? The examination of the graph built after the length of dorsal gripus vs. that of uncinulus III for the 55 species (data after Pariselle 1996) described from tilapiine hosts (i.e., genera Tilapia, Sarotherodon and Oreochromis; see Trewavas 1983) does not clearly confirm the tendency (Fig. 7) . On the other hand, and knowing that within the "short uncinuli III to VII" group of species (i.e., uncinuli shorter than 25 µm) there are both long and short uncinuli I (i.e., shorter than 20 µm), the three-dimensional graph (length of dorsal gripi vs. uncinuli III vs. uncinuli I) shows distinctly the presence of three groups (Fig. 8) , A: long uncinuli I, short uncinuli III and long gripi; B: short uncinuli I, short uncinuli III, and medium gripi; and C: short uncinuli I, long uncinuli III and small gripi.
Two hypotheses may be speculated: these different morphologies have been patterned by the adaptation to specific microhabitats on the gills (i.e., adaptation resulting from interspecific competition), or patterned only by the ontogeny (i.e., limited by the energy available to build the hard parts of the haptor).
No answer could actually be given, but microhabitat segregation between monogenean species on the gills is well documented (e.g., for Monopisthocotylea by Lambert and Maillard 1974, Wootten 1974, Cloutman 
